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HONORS CAPSTONE ABSTRACT
Project Icarus is an autonomous surveillance Unmanned Aerial Vehicle (UAV)
prototype designed to aid first responders by providing rapid aerial assessment of locations
affected by disaster. Additionally, Project Icarus is capable of restoring local Wi-Fi based
communications during grid failure. Icarus has the capabilities to provide logistical
assistance to emergency personnel by providing immediate aerial surveillance of ongoing
dangerous situations. Furthermore, the Icarus platform operates on an umbilical system
that provides a long-term aerial surveillance solution and can be easily modified to
accommodate specific situations using its modular design. The low-cost system that does
not require a drone pilot is well suited for disaster relief personnel, firefighters and police
because of its ability to provide active situational awareness and communication. This
paper will delineate the surveillance system used by Icarus, local communication
restoration technology Icarus is equipped with, as well as the continuous operation
capability by using a solar panel for battery recharging.

Chapter 1. Introduction
Background
The effectiveness of first responders is directly related to how quickly a site can be
assessed. In a dangerous environment that requires information to be relayed in real time,
Icarus provides an aerial surveillance to bridge this gap. In September 2017, Puerto Rico
was devastated by Hurricane Maria and some of the challenges that faced the region were
i) 3.4 million people were left without power, ii) 80% of the power lines were disables and
iii) 95% of cell towers were damaged [6]. Other examples of potential catastrophic
emergencies are brush fires and wild fires which require rapid decision making to ensure
the safety of people and the environment.

Icarus is a cost-effective surveillance module that can be rapidly deployed to assess
potentially hazardous sites by relaying real time information to first responders. Icarus’s
user interface allows the operator to easily adjust camera elevation and positioning with
the assistance from the autonomous control system. The umbilical system will allow for
more than 2.5 hours of continuous flight by supplying power from the launch station
equipped with a solar charging battery reserve. Additionally, Icarus is equipped with a
camera surveillance system that is remote controlled by the user. Finally, Icarus will be
able to restore local communication by generating its own Wi-Fi signal and extended that
same signal by utilizing a Wi-Fi repeater.

The focus of Icarus is to increase the effectiveness of safety personnel, while using
renewable energy and protecting the public from unintended use. Icarus is uniquely suited
for first responders, firefighters, and law enforcement officers who need to quickly assess

a situation and effectively deploy countermeasures. Icarus can be utilized by agencies such
as the Federal Emergency Management Agency, firefighting and law enforcement
agencies, and private security companies. The Icarus project mission is to provide a
dependable, easy to use, rapidly deployment surveillance module for safety personnel so
that they can keep the public safe and provide time sensitive assistance to those who are
less fortunate.

Chapter 2. Project Design/Analysis
Drone
Theory
A drone, also known as an unmanned aerial vehicle (UAV), is a device that is
capable of performing a range of remote controlled tasks from keeping people out of danger
to simply providing entertainment. In recent years, the technology has become very popular
and practical for several different applications largely due to advances in technology and
open source software platforms. In addition, these technology systems can be equipped
with a variety of accessories including servo motors for collecting and releasing objects,
actuators for activating an equipped device, and camera systems that have been adopted as
a necessary drone component. Drone component configurations vary, but their basic
components of consist of a flight controller (FC), electronic speed controllers (ESC),
motors with propellers, a transmitter and receiver, and a battery source, which is
conventionally a lithium polymer batter (Li-Po).

The flight controller is the logic center for the entire drone system and is considered
one of the most important components. The device contains a processor and a number of

sensors that in most cases are integrated into the chipset. Its purpose is to translate inputs
from accelerometers, gyroscopes, barometers, magnetometers, GPS, receivers and other
sensors to obtain the drones position within a 3-dimensional space. This information is then
used to control the outputs to the motors by producing an alternating signal or duty cycle
that is read by the ESCs. As a result, the flight controller can perform continuous
corrections to obtain the desired position using a feedback loop. Due to the sensitivity of
the integrated sensors, the flight controllers are typically mounted on a shock or vibration
absorbing platform to increase sensor accuracy. Additionally, GPS sensors are especially
sensitive to electromagnetic fields (EMF) and have to be mounted away or shielded from
components, such as ESCs, to prevent abnormal operation from the flight controller.

Furthermore, the ESCs are microcontrollers that process 3 inputs to perform 3
outputs and work directly with their paired motor. The ESC receives input voltage and
ground from the battery supply and an output signal from the flight controller. As the signal
data is read by individual ESCs, it is converted into a desired current waveform to power
their individual brushless motor. The wiring between the ESCs and the motors consist of 2
ground wires and 1 power wire that alternate based on the command signals from the FC.
In most cases, the ESCs are equipped with current a limiting components that are integrated
into the chips to prevent damage to the ESCs or motors. ESC ratings are based on the
number of cells that make up the Li-Po battery, which translates to the batteries operating
voltage. As a result, a higher current protection allows for higher operating current.
Alternatively, the brushless motors are rated based on a set of numbers that represent the
diameter and length of the motors housing followed by a set of numbers that represent the

number of revolutions per volt (kV). The higher kV value indicates a higher top end speed,
while a lower kV value will have higher torque and faster acceleration. The motors have
to be programmed or wired to rotate either in a clockwise (CW) or counter clockwise
(CCW) rotation to stabilize the drones yaw position. In addition, each motor is equipped
with a propeller that has is paired based on the motors rotation. More specifically, the
propellers airfoil is design to produce lift in only one rotational direction. The design of the
airfoil are complexed and typically require some form of computation fluid dynamic
simulation to obtain optimum performance. Additionally, the propeller length have a
proportional effect on the motors speed and torque.

The transmitter (TX) and receiver (RX) work as a paired system that allow the user
to send commands via the transmitter and the drone to receive the flight requests from the
receiver. This process relies on the use of radio transmitted signals that are typically on a
2.4 GHz radio frequency. The receiver then converts the radio signals into alternating
current impulses that are sent to the flight controller (also known as flight control board).
After the flight controller processes the signal data from the impulses, it sends a command
signal to the ESCs that in turn control the brushless motors. Typically, the radio signals
extend roughly about 2 miles; however, the antenna design and TX signal power directly
affects the range of the signal. Ideally, the drone should have a signal failsafe protocol that
will autonomously land the drone incase the radio signal is lost.

Subsequently the battery plays an important role in the drone’s performance. More
specifically, the battery limits the drones flight duration, load capacity, and overall speed.

As previously mentioned, traditional commercial drones operate on a Li-Po battery because
they have a relatively high specific energy, in most cases are lightweight, and can be
recharged multiple times. A Li-Po’s most basic construction consists of an anode made of
aluminum foil, a cathode made of copper, a separator or insulator made of polypropylene
film, and an electrolyte made of solvents such as ethylene carbonate. These components
make up each cell of the Li-Po battery and the number of cells varies based on the voltage
requirement for the application. A single cell has a voltage that ranges between 3.7 to 4.2
volts (V) and commercial drone battery applications have 2 – 4 cells. Therefore, the battery
voltage supplied by the battery is computed by multiplying the number of cells by a
nominal voltage of 3.7 V. Battery ratings are dependent on the amount of time they can
sustain a certain amount of current and are typically labeled as amp hours (AH) or milliamp
hours (mAH). Li-Po batteries have a few disadvantages over other types of batteries that
include high volatility if the battery pack is damaged or over charged to the point failure
occurs and the cells cannot be completely discharged because it leads to irreversible
damage.
Specifications
Icarus’ flight platform is based off a hexacopter (6 propeller) system that provides
additional stability and payload carrying capacity compared to the more popular
quadcopter (4 propeller) systems. Each one of its components was selected based on initial
design specifications with cost and availability considerations. The Icarus flight system is
equipped with a flight controller, 6 electronic speed controllers with their paired motors
and propellers, an external GPS antenna, a radio transmitter and paired radio receiver, and
basic safety electronic components.

The flight controller equipped on Icarus is a Pixhawk 2.4.8, which is a widely used
open source system capable of operating in different drone configurations. The FC is
equipped several inputs including a 3-axis digital gyroscope, a 3-axis accelerometer, a 6axis accelerometer, and a precision barometer. Outside the FC, several ports are available
for a wide range of accessories. The FC also comes equipped with auxiliary and main
outputs as well as an RC and SBUS connection that is used for the radio receiver (RX).
The safety related inputs for the FC include a safety/arming switch and an
alarm/buzzer. To activate the system, the safety switch must be depressed prior to use;
otherwise, the FC will consider the unit not ready to fly. Additionally, the buzzer is used
to alert the user of its current status by using distinct indicators for each part of the flight
sequence. Additional hardware equipped on the FC includes a radio telemetry receiver that
allows for direct communication between the FC and a computer with adequate software.
With this component, the user is capable of altering flight instructions, such as waypoints,
while the system is in use. Another important externally mounted accessory is the GPS.
Unlike the barometer and accelerometers that are incorporated into the FC, which
determines the drones altitude and relative position respectively, the GPS is used to
determine the drone’s relative position to earth’s plane. As previously mentioned, the GPS
can easily be disrupted because of the EMF produce by the ESCs and the motors; therefore,
Icarus’ GPS had to be mounted as far as possible from the sources. Lastly, a 3DR power
module is used to split main system power from the battery to the FC at a monitored and
controlled level.
Additionally, each of one the six ESCs are connected to their respective main output
on the FC. Icarus uses a 2-4 cell Simonk Li-Po rated Si ESC that is rated for up to 35 amps.

The specifications for the ESCs was based on its ability to safely run on voltages equivalent
to the non-traditional dry cell or lead acid battery that has 12.6 volts fully charged. To
prevent crashes, the ESCs are design without a low voltage or high temperature cutoff.
Outside of operating their respective motor, each ESC provides a power up self-test to
determine its current state of health. The self-test slightly moves the motors and then it’s
followed by a tone indicating the ESCs are ready. Each of the ESCs weights approximately
22g has low operational current losses and contributes a total weight of approximately
132g.
Furthermore, each ESC is paired with a Hobbypower 2212 920 kV brushless motor
that can generate approximately 1.4 lb. of thrust using a 10 inch DJI propeller. Based on
the motor specs, the motor rotate relatively slow at approximately 920 revolutions per
system volt. The motors have a 28mm outer diameter and have a unique DJI style splined
shaft to secure the propellers. Their individual weight contribution to Icarus is
approximately 55g, which is 330g total motor weight. Half of the motors operate on a
clockwise rotation, while the other half is the counterclockwise. To prevent the propeller
securing nut from coming loose during operation, the threads are reversed so that the torque
tightens the nut further. The matched Gemfan 1050 propellers are similar to the motors in
which half rotate in one direction and the other half rotate the opposite way and are made
of carbon fiber reinforced nylon. The 10 inch propeller design was used on Icarus to
provide the slow moving motors with the maximum amount of torque.
Operation
Icarus’ platform was designed to eliminate the need for a drone pilot and requires
minimal supervision. During Icarus enclosure deployment, the system will require the user
to open the enclosure lid by removing the securing mechanisms. This will follow the

operation of activating 3 different switches to initiate the flight sequence that has been
preprogrammed into the control systems software in order to prevent accidental
deployment. The first activation switch consist of a key turn switch that completes the
connection to allow current to flow to the next open switch. In order to prevent
unauthorized use of the drone system a specific key has to be used and must stay in place
to prevent system shutdown. Next, a toggle switch is used to confirm the key switch
command, which allows the drone systems to power up and initiate boot up sequence.
Finally, the arming push button switch is depressed momentarily to finalize the startup
command and allow the system to operate autonomously. During the flight procedure,
Icarus will automatically power up start to hover past the enclosure. Icarus will continue to
increase its altitude until it reaches its predetermine height of 15-18 feet. Once at the desired
elevation, Icarus will maintain position for the remainder of the flight duration or if it
receives a power down signal from the control center.

The control center is design to be accessed by strategic planning personnel and
connects to Icarus using a Wi-Fi signal. Based on the user inputs, the drone’s camera
system can be manipulated to acquire the best possible aerial view of the location being
assessed or surveilled. In addition, the command center operates as a connection hub to
live stream video from Icarus to other members of the emergency response or security
team. Once Icarus achieves its purpose, the command center can relay a shutdown sequence
and the drone will return to its original starting location.

After Icarus completes its landing and shutdown procedure, the toggle switch can
be return to its initial position to cut the main power. Similarly, the security switch can be
return to its original setting before the key is removed and the remainder of the procedure
is to re-secure the drone enclosure.
Application
Icarus was designed as a modular drone platform that can be easily modified to fit
certain accessories based on the specific application or operation of the drone. The standard
design features include a surveillance camera system, umbilical power supply, propeller
ducts, and a Wi-Fi signal booster. Icarus’s main intended purpose is to provide security
and communications restoration during catastrophic events that require quick strategic
planning and effective resource management. The scenario that Icarus was design for was
an area that recently suffered infrastructure damage and grid outages similar to events that
have taken place after powerful hurricanes make landfall destroying power lines and cell
phone towers. Its unique ability it to quickly be deployed just outside the most affected
area and form a visual perimeter using its onboard camera system. Long duration flight
capabilities are capable through Icarus’ umbilical that diverts power from a high amperage
capacity battery mounted within the enclosure. In addition, the power can be supplemented
by a solar panel attachment included with the system, or onboard batter can be recharged
using an automotive charging system.
Communication restoration is performed using a Wi-Fi signal extender that can
transmit the command centers wireless connecting further into areas that lose cellular and
landline services. In theory, the Icarus prototype will connect to additional units deployed
in the field and create a network for first responders to access and communicate through
the affected area.

Battery
A standard 12.6 V Lead Acid battery was used shown in Figure 1. This design
choice was made because a large battery capable of sustaining flight for many hours was
needed. An advantage of using this high capacity battery is its capability of being
recharged. The Lead acid battery has very low energy-to-weight ratio and a low energy-tovolume ratio, but its ability to supply high surge currents means that the cells have a
relatively large power-to-weight ratio. Generally, Lead acid batteries have specific power
of 180 W/kg and charge to discharge efficiency between 50-90% [5]. The Lead acid battery
will provide the system with equal capabilities in both voltage and amperage and thus it
was an appropriate choice for proof of concept.

Figure 1. [4] Lead acid battery used to supply power to Icarus

Solar Panel Recharging
One of the most important elements in the Icarus drone is the flight time and
capability of getting more than two hours of flight time. However, the Lead acid battery
used is only capable of supplying limited amount of energy and will eventually die.
Therefore, integrating a solar panel can equip the battery with recharging capability,
which in result will give the drone more flight time. The integrated solar panel is 150
Watts (Figure 2), which cannot recharge the entire battery in one hour, but because of the
size of these solar panels, the 150 Watts suits the project the most. The intent was to have
a launch module that houses all of Icarus’s components, including the solar panel. The
launch module was made to fit on a bed of a truck, so there was some dimension
restrictions as to the size of the solar panel to be integrated.

Figure 2. [1] 150 Watts Solar panel used to recharge the battery

To safely recharge the battery, a solar recharge controller was needed to control
when the battery gets recharged and at what voltage the solar panel should trigger. Figure
3 shows the solar panel charge controller used.

Figure 3. [2] Solar panel charge controller with LED display

The way that the solar panel charge controller worked is that it has different values for
safely controlling the charge and when it needs to trigger the solar panel if the battery is
overcharge or discharged. The solar charge controller would display the battery voltage
which is necessary for the user to troubleshoot the battery if there is a certain voltage drop.
Additionally, it has a temperature sensor which measures the ambient temperature. For the
setup of Icarus’s battery, the stop-charge voltage was set to 15.5 V, and that is basically
when the solar panel would stop charging the battery to eliminate the harms of
overcharging. The low voltage protection was set to 9 V and that is when the battery’s
voltage drops really low, in that case the solar panel charge controller would cut the supply
of current to the load (Icarus).
The wiring sequence is show in Figure 4. The exact same wiring sequence was used
for the Icarus setup, except a fuse was added to the battery line to avoid any excess current
from going to the battery and harming its components.

Figure 4. [2] Wiring diagram for how the solar charge controller works

The 150 Watt Icarus solar panel was tested under different placement angles. The testing
was to determine how much current can the solar panel supply to the battery at optimal
conditions. The optimal conditions for a solar panel would be direct sunlight without
cloud, and the solar panel being placed at an optimal angle. Table 1 shows the test results
from the solar panel experiemnts.

Table 1. Solar panel testing results

Experiment

Data Points

Number

Solar Panel

Maximum

Average

Angle

Current

Current

Obtained
1

5

0° (Flat)

1.0 Amps

0.85 Amps

2

5

25°

2.5 Amps

2.36 Amps

3

5

12.5°

3.9 Amps

3.6 Amps

4

5

45°

5.0 Amps

4.7 Amps

5

5

90°

4.1 Amps

4.0 Amps

The power equation can be used to determine how much power the solar panel is able to
supply at a given current and using the fixed battery’s voltage:
𝑃 = 𝑉∗𝐼

Equation (1)

The results would change ofcoursse depending on the angle of the sunlight and sun’s
location. But during the test day, the sun was roughly at 23.5 degrees from the solar
panel. After using the optimal angle to calculate the power and how much renewable
energy can be harvested using the solar panel. Using the 5.0 Amps, which was at 45
degree angle, the maximum power harvested was 63 Watts. Given that the Icarus
components were consuming 220 Watts, the solar panel was only achieving 28.6% of
renewable energy. The final Icarus launch module that shows how the solar panel is
mounted is shown in Figure 5. The launch module was made in way such that the solar
panel angle is adjustable.

Figure 5. Launch module that hosts all of Icarus' components along with the adjustable solar panel

Camera
Wi-Fi Connection
The connection rapport between all the RPi components and the ground computer
is WiFi. Because the drone will be deployed in areas where there is no local Wi-Fi
connection, the Icarus system houses a router on the ground near the computer where it
generates Wi-Fi signal. The uniqueness of making this Wi-Fi system work is the IP address
of the RPi, in which the computer can use Secure Shell (SSH) or Virtual Network
Computing (VNC) to connect and control the RPi.
For this project, a VNC connection was established for a number of reasons. First,
the VNC platform allows the user to have full control over the RPi using the ground
computer. Second, the user is able to view the entire RPi desktop and see the camera
preview. Third, the VNC platform can be setup where multiple users can access the RPi
and view what the camera is seeing. This is critical in disastrous situations where first
responders can have multiple users evaluate an area.
A VNC server has to be installed on the computer that is to be controlled, in this
case it is the RPi computer. The ground computer needs the VNC Viewer software that can
access the RPi computer. The way that VNC works is it uses Remote Frame Buffer protocol
to connect between the RPi and ground computer. It transmits the keyboard and mouse
events from one computer to another, relaying the graphical screen updates back in the
other direction. The VNC protocol transmits pixel data from the RPi to the ground
computer, so there might be a slight delay for a consistently dynamic environment.
However, for the Icarus case, since the drone has autonomous flight capabilities and

position management, the camera will be evaluating one area at a time and need not to be
moved constantly.
Just to keep in mind, the main rapport between the RPi and the ground computer
VNC protocol is the Wi-Fi signal and the router. Without the Wi-Fi signal, the entire
system would not work. Figure 6 shows the logic on how the devices are connecting with
the router and VNC server.

Figure 6. Logic diagram that explains how the camera, gimbal and RPi are connecting to the ground computer
and allowing user to control the RPi using VNC server

Pan and Tilt Camera Mount
Aerial view is a critical feature that fire fighters or disaster relief organizations need
to assess areas that are devastated as a result of natural or man-made disasters. The
surveillance capabilities equipped in Project Icarus enable the user to view the surrounding
areas using pan-tilt mechanism (Figure 7). The goal of our project is to offer users
livestream videos, which would allow them to assess areas in real time. In order for this to
happen, we need to have wireless communication between the ground computer and the
camera. Therefore, the integrated Raspberry Pi (RPi) has Wi-Fi capabilities, such that the
computer and the RPi have a communication bridge if they are connected to the same WiFi server. Additionally, the RPi was also used to control the servo motors that are serving
the purpose of pan-tilt mechanism. The user will be able to control the pan-tilt servo motors
using the arrow keys on the keyboard and will have additional keys to take pictures and
start/stop video recording.

Figure 7. Pan and tilt mechanism concept.

After multiple iterations on different designs for a camera mount, the pan-tilt
mechanism was the best that aligns with the structure and goals of the project. The pan-tilt
mechanism is a Two Degree of Rotational Freedom system that is popular for its use in
surveillance applications; it allows a rapid change of camera view in two different
directions. The final Solidworks design of the camera system is shown in Figure 8. The
camera mount consists of different components. First, the two pieces brackets will be the
rotating parts, where the two servo motors are placed. Second, all the smaller components
that are used to complete the assembly. Finally, the RPi camera shown in Figure 9 was
mounted on a 3D printed piece.

Figure 8. Final Solidworks design of the entire camera gimbal system

Figure 9. Raspberry Pi camera module connected to the Raspberry Pi

All the components where manufactured using additive manufacturing, with
Polylactic Acid (PLA) material. The reason for using additive manufacturing is it has
percentage infill capabilities and PLA has low density relative to using Steel or Aluminum.
The entire printed components using PLA weighed 350 grams, which is optimal because
the design was made for additive manufacturing and there was select material removed to
reduce the weight.

Programming and Servo Motors
The servo motors that were used to allow the pan-tilt mechanism to function
properly were the Tower Pro SG90 shown in Figure 10.

Figure 10. [3] Tower Pro SG 90 Servo Motors

The specifications for the servo motors are shown in Table 2.
Table 900 Specifications for the SG90 servo motor

Specification
Weight of motor
Operating speed
Torque
Gear type
Rotation
Operating voltage
Maximum current draw

Value
9 grams
0.1s/60°
2.5kg/cm
Plastic
0°-180°
+5V
750 – 1000 mA

The entire assembly for the camera system is shown in Figure 11. The servo motors were
controlled using Python with the RPi. To activate and control the motors, the Python code
uses the Pulse Width Modulation (PWM) of the motor which are 50 Hz, and between 1 to
2 milliseconds of duty cycle. The Python code is written in a way such that the code runs
as the RPi is turned on, and then the user can control the pan-tilt mechanism using keyboard
arrows. Additionally, the user can take pictures, start and stop live video recording.

Figure 11. Final 3D printed gimbal assembly

The python code would first activate the camera and starts its preview on the screen,
then ping the motors and take control of them using the ServoBlaster open source software.
Then parameters for the motor position are pre-defined by the user. Thereupon a logic
statement is created where it allows the user to hit the “up”, “down”, “left”, and “right” to
control the position of the motors. The up and down keys would control the tilt of the
camera gimbal and the left and right keys would control the pan servo motor. Figure 12
shows the camera preview on the screen and how the user can use the arrow keys and other
keyboard inputs to take pictures or adjust the camera.

Figure 12 Ground computer that previews the camera and allows the user to access the Gimbal movements

Communication Restoration
To allow first responders to communicate with the people in devastated areas
during grid failure, a signal is needed to establish that connection. In the case of Icarus, a
Wi-Fi repeater was used since Wi-Fi is a strong signal that establishes a lot of protocols for
communication. Additionally, the Icarus system is already generating Wi-Fi signal using
its router, which is being used as a communication stream between the RPi and ground
computer. Figure 13 shows the depiction of how Icarus would boost signal in disastrous
situations. The Icarus platform used the Xiomi Wi-Fi repeater which is believed to extend
Wi-Fi signal by a long distance.

Figure 13. Depiction of Icarus Drone boosting signal during Hurricane Maria’s grid failure.

There are two main advantages with mount the Wi-Fi repeater on the Icarus
platform while it’s operating in air. First, it creates temporary communication in devastated
areas. Second, it transmits signal over obstructions to increase signal range. After testing
the Icarus Wi-Fi repeater, the team was able to amplify signal up to 450 feet away.

Final Icarus Product

The final Icarus drone is shown in Figure 14. The system houses the ducts, RPi, Wi-Fi
repeater, flight controller, GPS and GPS mount along with smaller components.

Figure 14. Icarus Drone

Figure 15 shows how all of Icarus system components, except for the launch module. The
system includes the computer, battery, solar panel and tether.

Figure 15. Icarus system
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